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g (54) Title: METHODS OF INHTOmNG AND TREATING BACTERL\L BIOFILMS BY METAL CHELATORS 

O (57) Abstract: The invention presented herein provides methods and compositions for the prevention and treatment of bacterial 
^ infections. The methods are based on the discoveiy that depletion of bioavailable iron stimulates surface motility in bacteria thus 
1^ inhibiting the ability of a bacterial population to develop into a biofilm. 
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Backgroimd ,™„fa„irmatetamime system wMch protects 

Antimicrobial factors fcnn one aim of the mnateraimmi , 

mucosal surfaces ftombacterialinfecticn. These ficlors can rapiaykiUbact»a 
^Lonmncosalsnrfacesanapreventacntein^iveinfec^ons. h.»an^ 
Jec.ons.however.bacteriaUveinbiofitas;....distinc,matn.-».cased^^^ 

speoiaUzedfors^fecepersistenccThe transition ftomafree.U™g,md^ 
, Txistenee., abiofihnlifestylecanbedevas.atingbecansebiofihnsnotonouslyre.st 

IdlJingbyhostdefensemechanismsandantibiotics. 

Biofflms are defined as an association of micreorganisms. e.g.. smgle or muluple 
^ecie^thatgrowattachedtoast^aceandprodnceashmelayer^.^^^^^^ 
^.ectiveen— t(Costerto..J.W.(1995).W.*«^*»^M(3)^•^^^^^^ 

,„ Costerto„J.W..,d.(1995)i-.-»iS-^-«°'-i2^7'««- TyptcaUy.btofihns 
Jroducelargean>oun.sofex^e„nlarpolysaccharides,responsib,e^^^^^^ 

appearance, and are characteri^ by an increased resistance to -^^"^^'"^J^ 
lToO.&ldlesssuaceptible).Severalmechamsmsarep.posedtoexp,am.hrsb.„fihn 

^ce to antinnc«,bial agents (Costerton, J. W. « (1999) 

9'? 284(5418):l318-22). 

Onetheoryisd>a.d»eK..acellnlarma.rixinwhich.hebao.erialceUsare 

embeddedprovides a barrier *.wardpen.»a.ion by the biocides. A tether poss^^ty^ 
Ia.naiof4eceUsinabiofihnareinaslow.gro«ing.n«.rient.s.a«eds^a^^^ 

Iforenotassusceptibletodreeffectsofanti-microbialagents. Athnd— of 
30 «sis.anceco«ldbethatthec=lIsmabiofihnadoptadis,inctandprot.C.db.ofita 

phawtype. e.g., by elevated expression of diug-efilux pumps. 
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In most natural settings, bacteria grow predominantly in biofilms. Biofilms of P. 
aeruginosa have been isolated from medical implants, such as indwelling urethral, 
venous or peritoneal catheters (Stickler, D. J. et al (1998) Appl Emnron Microbiol 
64(9):3486-90). Chronic P. aeruginosa infections in cystic fibrosis lungs are considered 

5 to be biofilms (Costerton, J. W. et al (1999) Science. 281(541 8): 13 18-22). 
P. aeruginosa is also of great industrial concern (Bitton, G. (1994) Wastewater 
Microbiology. Wiley-Liss, New York, NY; Steelhammer, J. C. et al (1995) Indust. 
Water Treatm.:49'55). The organism grows in an aggregated state, the biofilm, which 
causes problems in many water-processing plants. Of particular public health concern 

10 are food processing and water purification plants. Problems include corroded pipes, loss 
of efficiency in heat exchangers and cooling towers, plugged water injection jets leading 
to increased hydraulic pressure, and biological contamination of drinking water 
distribution systems (Bitton, G. (1994) Wastewater Microbiology. Wiley-Liss, New 
York, NY, 9). The elimination of biofilms in industrial equipment has so far been the 

15 province of biocides. Biocides, in contrast to antibiotics, are antimicrobials that do not 
possess high specificity for bacteria, so they are often toxic to humans as well. Biocide 
sales in the US run at about $ 1 billion per year (Peaff, G. (1994) Chem. Eng. News:l5- 
23). 

A particularly ironic connection between industrial water contamination and 
20 public health issues is an outbreak of P. aeruginosa peritonitis that was traced back to 
contaminated poloxamer-iodine solution, a disinfectant used to treat the peritoneal 
catheters. P. aeruginosa is commonly found to contaminate distribution pipes and water 
filters used in plants that manufacture iodine solutions. Once the organism has matured 
into a biofilm, it becomes protected against the biocidal activity of the iodophor solution. 
25 Hence, a common soil organism that is harmless to the healthy population, but causes 
mechanical problems in industrial settings, ultimately contaminated antibacterial 
solutions that were used to treat the very people most susceptible to infection. 

P. aeruginosa is a soil and water bacterium that can infect animal hosts. 
Normally, the host defense system is adequate to prevent infection. However, in 
30 immunocompromised individuals (such as bum patients, patients with cystic fibrosis, or 
patients undergoing immunosuppressive ther^y), P. aeruginosa is an opportunistic 
pathogen, and infection with P. aeruginosa can be fatal (Govan, J. R. et al (1996) 
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(Stickler, D. J. et al (1998) Appl Environ Microbiol 64(9):3486-90). The second most 
frequent nosocomial infection is pneumonia, with P. aeruginosa the cause of infection in 
21 % of the reported cases (Richards, M. et al (1999) Crit Care Med. 27(5):887-92). 
The annual costs for diagnosing and treating nosocomial pneumonia has been estimated 

5 at greater than $2 biUion (Craven, D. E. et al (1991) Am J Med. 91(3B):44S-53S). 

Treatment of these so-called nosocomial infections is complicated by the fact 
that bacteria encountered in hospital settings are often resistant to many antibiotics. In 
June 1998, the National Nosocomial Infections Surveillance (NNIS) System reported 
increases in resistance of P. aeruginosa isolates from intensive care units of 89 % for 

10 quinolone resistance and 32 % for imipenem resistance compared to the years 1993- 
1997 (NNIS. http://www.cdc.gov/ncidod/hip/NNIS/AR_Survll98.htm). In fact, some 
strains of P. aeruginosa are resistant to over 100 antibiotics (Levy, S. (1998) Scientific 
American. March^ There is a critical need to overcome the emergence of bacterial 
strains that are resistant to conventional antibiotics (Travis, J. (1994) Science. 264:360- 

15 362). ' 

Methods of inhibiting biofilm formation in medical and industrial settings have 
previously been developed using metal chelators. These methods have disclosed the use 
of small molecule chelators, z.e., EDTA, EGTA, deferoxamine, detheylenetriamine 
penta acetic acid and etidronate for the inhibition of biofilm. For example, USPN 

20 6,267,979 discloses the use of metal chelators in combination with antifimgal or 

antibiotic compositions for the prevention of biofouling in water treatment, pulp and 
paper manufacturing, and oil field water flooding; USPN 6,086,921 discloses the use of 
thiol containing compounds in combination with heavy metals as biocides; and USPN 
. 5,688,516 discloses the use of non-glycopeptide antimicrobial agents in combination 

25 with divalent metal chelating agents for use in the treatment and preparation of medical 
indwelling devices. 

There still exists a need in the medical, environmental and industrial community 
for the control of biofihn fomiation. The control of biofihns needs to begin at the level 
of biofihn formation because, once formed, biofilms are exquisitely resistant to all 
30 common bactericidal methods. The present invention provides methods and 

compositions for inhibiting biofilm formation by chelating metal ions and provides 
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^ ♦«f=nW«-ts with abacterial infection prior to biofilm 
methodology for the treatment of subjects wim a 

development. 

Summary of the Invention 

^ g^erd. ^.c^ventoprovides a,n*od to h*.^itbactenalbiofitofcnna»i»n. 
UeinhiHLomcfitasanawsi6rr»ovalofpo.»tial.yhan„Mbao..na. Mo« 

Theffimomon . ^ he discovery that by lindting the amount ofiron 

pardcularly.theinventioaisbaaedonthediscovety y . ....j^ 
Lisavailab.etoap<>pulaao»otbao.«ia,biofibnforma.o.eanboj:^b..^^^^^ 

1. one aspect. thai„venaonp»vides amethodcf inbib..n«b.ofita™nby 

bacteriabycontactingthebacleriavrithametaldBlator. 

Janotheraapec...heinventionpro,ide,ame«>odofinMbrtmgb.offlm 

^l:ycontacLsabacte.a>Pop.ationwi*an.e.alcbe.a..^ 

metal ions stimulates surface motility. 

The»v«.ion=aaop.,id.ame.hodof«.insbiofltadeve.opn,».m^ 

subjec.byadnnnia,eringa.«alchela««. Ad— atra.i» of a metal chelator w.n 
;:bImn.fon„aaonandaUow.he»bjecfsin»nne^and/orantrb.ohcsor 

other antibacterial agents to kill the bacteria. v-^.„fferin2 
Motheraspectoftheinv«t.ionprcvidesan>e.hodoftreatntga»l,«ts„fl«»g 

^ <ro»abacterialinfecUonbyaananist^ngto.hes«bjectacomp<»i.ioncon^^ 
;iche.ator...econ.poaiti„nn«yalsoincl«deanant.W.erialage«ts„^^ 

"^''tano^erasp^O.einv.ntionprovidesanre^odof^bit^.biofihn 
fo.n«Bonon.m«licalind»ellinga.vic.inasu«ectbyaan^stern.gto^esub^^ 
Ilohelator. These devices, thr e^an^lo. «ay include catheters, pacen^ers. or 

°*'"":raspect.d,einventi„npro.d.sa»iorobialdisi..ec« 

^etal chelator. The disinfectant can also contain a biocide or an antrbrouc 

l.ano.heraspect,.hein,ea«onprovidesaphannaceuhcalcon^os.t.on 

^gatherap^rticaUyeffecttveanrountofanretalchelatorandapharn^^^^ 
^«hlcarri«.Thiscon^sitioncanalsocontainanantibacter.alagentsuchasan 
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antibiotic. 
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In another aspect, the invention provides a method of inhibiting biofihn on a 
piece of equipment, e.g., a device, by contacting, e.g., bathing or coating, the equipment 
with a metal chelator such that any bacteria on the equipment are not able to form a 
biofihn. This application is particularly useful in industrial settings such as, for 
5 example, medical, water treatment, pulp and paper manufacturing and oil field water 
flooding. 

The methods of the current invention are particularly effective when the metal 
chelator is applied prior to the point at which the bacteria stop roaming as individuals. 
Therefore, in one aspect the invention provides methods of inhibiting biofihn 
10 development by contacting a bacterial population with a metal chelator prior to the point 
when the bacteria stop roaming as individuals. 

In another aspect, the invention provides a kit containing a metal chelator and 
instructions for use. In a related aspect, tlie kit may contain an antibacterial agent such 
as an antibiotic. 

15 In anotiier aspect, the methods of the invention fiirther comprise the step of 

obtaining the metal chelator. 

In accordance with one embodiment of the invention, the metal chelator is a non- 
proteinaceous metal chelator. In accordance with another embodiment of the invention, 
the metal chelator is a proteinaceous metal chelator. 

20 For example, a proteinaceous metal chelator in accordance with the invention 

can be a naturally occurring polypeptide, or firagment of a naturally occurring 
polypeptide, that has the abihty to sequester metal ions; or, conversely, can be an 
engineered polypeptide. In particular embodiments, the metal chelator can be specific 
for iron. For example, the proteinaceous metal chelator can be a known iron chelating 

25 protein such as lactoferrin or conalbumin. 

The metal chelators of the invention are usefiil against pathogenic bacteria. For 
example, in certain embodiments, proteinaceous metal chelators are useful against 
Pseudomonas a&iiginosa. 
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Brief Description of the Drawings 

Hgureldepictsthe^owthofP.aerug.no.ainthepr.^^^^ 

biofilm flow cells. 

t^rinn. Abacterial behaviors without and with lactoferrin. 
Figures 3A-D depict representations of bactenai oc 

10 Figures4A-Fdepicttheroleofironmbiofihndevelopment 

Figures5A-Bdepict^eeffectofconalbWon^eantin.crobial^^^^^^^ 
aeruginosa biofihns to tobramycin. 

15 DetailedDescriptionofthelnvention 

The term "antibactenal agent reters to any buu 

Thete«."a«tibi<*io"«fers,o.cheodc,lsubsu^pn»teeab a 
™aoorga«sm.wbiobhasttco^«.y»i»hl«th.grov*of«toUlo«^ 

..^nWhittheerowthofortoldllamicroorgamsm(e.g.,a 
that have the capacity to mhibit me growm 

bacterium)- 



-7- 



wo 03/088914 



PCT/US03/12128 



The term "biocide" refers to a substance that is that is capable of killing a living 
organism, or that is any substance that is toxic to hving organisms. 

The term "biofilm" refers to a population of a bacteria growing on a surface, 
wherein the bacteria are encased in a matrix of polysaccharides, glycoproteins or nucleic 

5 acids. In this state, bacteria are highly resistant to both phagocytes and antibiotics. The 
term "biofilm" is further intended to include biological fihns that develop and persist at 
interfaces in aqueous environments. Biojfilms are composed of microorganisms 
embedded in an organic gelatinous structure composed of one or more matrix polymers 
which are secreted by the resident microorganisms. 

10 The language "biofihn development" or "biofilm formation" is intended to 

include the formation, growth, and modification of the bacterial colonies contained with 
biofilm structures, as well as the synthesis and maintenance of the exopolysacchaiide 
matrix of the biofilm structures. 

The term "engineered polypeptide" refers to any polypeptide that has at least one 

15 altered amino acid such that it performs a desired function. The altered amino acid or 
acids may be natural amino acids or artificial amino acids analogs or mimetics). 
Thus, the "engmeered polypeptides" are intended to include compounds composed, in 
whole or in part, of peptidomimetic structures, such as D-amino acids, non-naturally 
occurring L-amino acids, modified peptide backbones, and the like. Engineered 

20 peptides can be produced synthetically or recombinantly. Methods for preparing 

peptidomimetics are known in the art. For example, a peptidomimetic can be derived as 
a retro-inverso analog of the peptide. Such retro-inverso analogs can be prepared 
according to methods know in the art (see, e,g., U.S. Patent 4,522,752.) 

The terms "effective amount" and "therapeutically effect amount" are used 

25 interchangeably and are intended to include the amount of a compound of the invention 
given or ^plied to an organism or subject that allows the compound to perform its 
intended therapeutic function. The effective amoxmts of the compound of the invention 
will vary according to factors such as the degree of infection in the subject, the age, sex, 
and weight of the subject. Dosage regimes can be adjusted to provide the optimum 

30 therapeutic response. For example, several divided doses can be administered daily or 
the dose can be proportionally reduced as indicated by the exigencies of the therapeutic 
situation. 



wo 03/088914 



PCTAJS03/12128 



The tern, "flyet" tefeis to a behavior of baoterial oeUs that have detached fiom 
the snrftce where they were gn»m and are swept away by the flow of medium. 

The term "ftagmenf refers to any portion of a naturaUy occurring polypeptide. 
A fragment can be made synthetically, enzymaticaUy, or recombinantly. In one 
5 embodiment of the invention, a fragment is a portion of a naturally occurring 
polypeptide that retains the abiUty to chelate iron. 

The temi "medical mdwelling device" refers to any medical device implanted or 
i^mthetamanbody. Such devices can be temporarily or pennanently implanted 
or inserted. A medical indwelling device canbe, ftr e«mple, catheters, orthopedtc 
10 devices, prosftetic devices, vascular stents, urinary stetss, pacemakers, or impl^^ 
The term "metal chelator" is intended to describe any substance that is able to 
remove a metal ion from a solution system by forming a new complex ion, flial has 
diftrentch«moalprope,tiestoithoseofflieoriginalmetalion.Thetemiisftrther 

irtended to encon^ass substances that are capable of chelating metal ions. speclficaHy 
15 divalentmetals. Metal chelators in accordance with the invention can be non- 
nroteinaceous metal chelators or proteinaoeous metal chelators. 

He term "metal ions" is intended to include any metal ion that is bioavailable, 
i. ... any metal ion imrolved m a biochemical reaction or pathway, or any metal ions that 
is available in the fluid, tissue or bone of a subject 
20 The term "non-proteinaceous metal chelator" refers to a metal chelator that does 

not comprise protein or protein-like moieties. In other words, a non-protemaceous metal 
chelator is not peptide based and does not contain amino acids. Advantageously, non- 
pmteinaceous metal chelators are small molecules; ie., organic non-peptidic 
compounds. 

25 The term '•pharmaceutical composition" includes preparations suitable for 

administration to manmials, e,g., humans. When Ihe compounds of the present 
invention are administered as pharmaceuticals to mammals. e.g., humans, they canbe 
given per se or as aphamiaceutical composition containing, for example. 0.1 to 99.5o/o 
of active ingredient in combination withapharmaceuticallyacceptablecarrier. 

30 Pharmaceuticalcompositionsofthecurrentinventionmay&rthercont^ 
antimicarabial, or antibiotic. 
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The phrase "pharmaceutically acceptable carrier" is art recognized and includes a 
pharmaceutically acceptable material, composition or vehicle, suitable for adniinistering 
compounds of the present invention to mammals. The carriers include liquid or solid 
jailer, diluent, excipient, solvent or encapsulating material, involved in carrying or 
transporting ttie subject agent from one organ, or portion of the body, to another organ, 
or portion of the body. Each carrier must be "acceptable" in the sense of being 
compatible with the other ingredients of the formulation and not injurious to the patient. 
Some examples of materials which can serve as pharmaceutically acceptable carriers 
include: sugars, such as lactose, glucose and sucrose; starches, such as com starch and 
potato starch; cellulose, and its derivatives, such as sodium carboxymethyl cellulose, 
ethyl cellulose and cellulose acetate; powdered tragacanth; malt; gelatin; talc; excipients, 
such as cocoa butter and suppository waxes; oils, such as peanut oil, cottonseed oil, 
safflower oil, sesame oil, olive oil, com oil and soybean oil; glycols, such as propylene 
glycol; polyols, such as glycerin, sorbitol, mannitol and polyethylene glycol; esters, such 
as ethyl oleate and ethyl laurate; agar; buffering agents, such as magnesium hydroxide 
and aluminum hydroxide; alginic acid; pyrogen-free water; isotonic saline; Ringer's 
solution; ethyl alcohol; phosphate buffer solutions; and other non-toxic compatible 
substances employed in pharmaceutical formulations. 

The term '"proteinaceous" as used herein refers to molecules comprising protein 
or protein-like moieties. Thus, the term encompasses molecules that are naturally 
occurring proteins, fragments of naturally occurring proteins, and engineered 
polypeptides comprising naturally occurring amino acids, analogs of naturally occurring 
amino acids, and combinations thereof. 

The terms "protein" and "polypeptide" are used interchangeably herein. The 
term "peptide" is used herein to refer to a chain of two or more amino acids or amino 
acid analogs (including non-naturally occurring amino acids), with adjacent amino acids 
joined by peptide (-NHCO-) bonds. Thus, peptides in accordance with the invention 
include ohgopeptides, polypeptides, proteins, andpeptidomimetics. 
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Tl.e term "ramblrf" «f«s to bactMial cells ttot move aw ftom the site of oeU 
division in response to an external stimulus. 

•tte term "squatter" refers to bacterial cells that remain statioiwy on a surfece 
ftomtetime they are c^atedbyoeUdivisiontothetimethey themselves divided. 

5 The term "surfece motttity refers to the capacity of bacteria to translocate over 

snrfeces. SurfecemotiUty can be divided into two distinct behaviors, m first, termed 
notching". i= a type of translocation used by bacteria to move over surfaces usmg pJr. 
Tie second, termed "swarming, is a social motili^ in which groups of bacterra move 
togefteroverasurftce. The mechanism of swarming is not completely charactenzed as 

10 of yet 

The term "subject" inchides organisms v*idi are can suflta ftom biofihn- 
associated states. The term subject includes mammals, e.g., horses, monkeys. b««:s, 
dogs, cats, mice, rabbits, cattle, squirrels, rats, and. preferably, humans. In a firrther 
embodnnent, flie subject maybe immunocompromised. 



15 



20 
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BiofihnsaretoowntobeprDblematicmmany settings indudingmedrcal, 
industrial a„dmechadcalenviromnents.Thcinv«rtorsdisclosehereinanovelme.hod 

toinhibitbiofihnfommtion. It has been discovered that limiting the amount of 
bioavailableirontoapopulationofbacteriadrasticanyinh.T,i.s.heabiHtyof^^^^^ 
^ganizeintobiofihns. By artiflciaUy manipulating the amount ofiron availably the 
inventors are abletocontrolthe formation, developmen..persistenceanddispers.onof 

microbial biofilms. ^- u,, 

m one aspect, the invention provides a method of inhibiting biofilm fom^Uon by 
bacteriabycontactingthebact«i.«mametalchelator.lnone embodiment, them^^ 
chelators ot.heinve«tioncanbeproteinaceous.lnanother«nbodiment.th. chelators 

can be non-proteinaceous. 

Biofilms canbe comprised of bacteria, fimgi, yeast, protozoa, and other 
microorganisms. Mostcommonlybioflhnsaremadeofbacteri. Both gram negative 
and grampositivebacteriaarecapableofformingbiofihns. Examples of ram posrhve 

bacteriaftat^capableoffotmingbiofihnsarebacteriafomthe genus 
i„cluding.bulnotlimitedto.orgamsmsftomthespecies ^pUemiiis^ aure^. 
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Examples of gram negative bacteria that are capable of forming biofilms are bacteria 
from die genuses Pseudomonas, Klebsiella, Enterobacter, Serratia, and Pantoea. In one 
embodiment of the invention, the bacteria are Pseudomonas aeruginosa. 

Many proteins chelate metal ions. Metals such as zinc, lead, iron, copper, 
5 calcium, and manganeese are capable of being chelated. Proteins are well known in the 
art to chelate specific metal ions. For example, the ring finger family of proteins has 
been shown to chelate zinc; Glucose Regulated Protein 78(GRP78) (Peterson, M.G., et 
ah (1988) DNA 7, 71-78) has been shown to chelate lead; lactoferrin and conablumin 
have been shown to chelate iron; metallothionein has been shown to chelate copper; and 
10 glutamate decarboxylase Cl(Gad CI) (Jackson, F.R., et al (1990) J. Neurochem. 54 (3), 
1068-1078) has been shown to chelate calcium. In one embodiment of the invention, the 
metal being chelated is iron. 

In certain embodiments of the invention, the metal chelator is a proteinaceous 
iron chelator and, as such, can be a naturally occurring polypeptide, or fragment of a 
15 naturally occurring polypeptide that has the ability to sequester metal ions or, 

conversely, can be an engineered polypeptide with the ability to bind iron. In specific 
embodiments the proteinaceous metal chelator can be a known iron chelating protein 
such as, e.g., lactoferrin or conalbumin. 

In other embodiments, the metal chelator is a non-proteinaceous iron chelator. In 
20 one embodiment of the invention, the non-proteinaceous metal chelators are small 
molecule metal chelators. In certain embodiments of the invention, the non- 
proteinaceous iron chelators of the invention exclude those disclosed in the prior art, 
including those disclosed m US Patents 5,688 516, 6,267,979, and USSN 6,086,921, 
EDTA, EGTA, deferoxamine, detheylenetriamine-penta acetic acid and etidronate, 
25 for the inhibition of biofilms, e.g, , in industrial settings and on medical indwelling 
devices. 

In preferred embodiments of the invention, the non-proteinaceous metal 
chelators include ethylenediamine-N,N,lSPJSf*-tetraacetic acid (EDTA); the disodium, 
trisodium, tetrasodium, dipotassium, tripotassiun, dilitiiium and diammonium salts of 
30 EDTA; tiie barium, calcium, cobalt, copper, dysprosium, europium, iron, indium, 

lanthanum, magnesium, manganese, nickel, samarium, strontium, and zinc chelates of 
EDTA; trans-l,2-diaminocyclohexane-N,NJSr,N'-tetraaceticacid monohydrate; N,N- 
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, 3-diamiBOpropane.N W J^-Wraao* ^d; cthyl»=ai»ine-N.N'-diaoeUc ac,d; 
rthytaedianrn^H Wpiorio acid dihydrooUoride; ethylcaediamin^N^T- 
bis(m.ayleaephosphomcadd)hemmydrate;m2-hydroxy=«.yl)e«.ylen»^ 
5 N K N'-ttiacetic acid; =fl.yle«ediamineTONMettaMs(«e&yl«cphospomc acd); 

0 0'-bis(2-aini»>efhyl)ethyleneglycol.N,N,N'J^'-tetraacetic add; N,N-M2- 
h;droxybe^l)^yl«» diaminc-NJJ^c acid; l,6.texa«..%lenediarm>e. 
NNN N-tetraacetic acid;N-(2.hydroxyemyDixrtoaa«tic acid; in>inodiacet>c acid; 

1 'z-aaminopropane-N J^'^^'-W^acetic acid; mtrilotriacetic acid; ,aWo«ptop.omc 
10 alid;&etrisodimnsaltofnitrilotria(meaiyl<«ephosph«icadd);V930*ox^ 

lA10,1346^2.27,33-octaazabicyclo[ll,U,ll]pertatriacontan.hcxahyd»br(»^^ 

ali«ethyleactetrarninie-NWN''.N'".N'"*«'»='»««''>««*'^ _^ 

Inanofteraap^t^einvemionprovideaamethodofstimulaangsurfecemotUiW 

iabacteri^ S»r6ce motility is exhibited by certain baotmal cell, when on aarfaces. 
15 eg. »Udors«nisoUda»t6c.a.M»che£forthasbeeninvestedinrecentyeaxsto 

de^^inettemolecnlarbaaisof anracemotiUty. Specific genea and pafl>waya .hat are 
involvedin surftce n,otiHtyhavebeen«c«.tlyidentifi.d.e.g..theKl genes ftom 

Psuedomonas, 

toone embodiment, the invention provides a meftod of intabitrngbiofita 

.„ fcrmationbystim»la.ings„rfacemotihtyinabac.etialpopulationbycon.acfegtt^^ 

bao.eria«thametalchelator...g..apro.einaceons or non-proteinaceonsmetal chelator. 

Inparticnlar aspects ofthis embodiment ofthe invention, theproteinaceous 
metalch.latorcanbespecificfai.on.^g..lactofer.inorconalbnmin. Incertam 
«nbodhnents,thep.otemaceonsmetalchel.«.c.nbe.nan»Byoccnnmg 
„ polypeptide.orfta^ent,hereof.lnotherembodimen.s,«.epro..in^nsna«al 

chelrcaabeanengineeredpolypeptidewifl.4e«i.y«>*elatemaal.Mpart.c«lar 

^^entsofthe invention, the bacterinmin vAichsorftce motility isb«ng 

stimnlated is Psnedomoms aeruginosa. 

toanotheraspecfteinventionprovidesamethodofinhibitingbiofihn 

30 developmentinasabjeCbyadmimste,ingam...lchela*,r..g..aprot.inac.o«sornon. 
proteinaceonsmetalchelator. This aspect oftheit^entio. is particularly use&lm 
a»bjectsknowntohaveahighri*otdev.lopmgabact«ialbiofilminfect.on,.g.. 
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cystic fibrosis patients. Studies have shown that the immune system is capable of 
fighting infections of the bacteria that comprise biofihns as long as they are not 
assembled into a biofihn. As shown in the Examples below, proteinaceous metal 
chelators in accordance with the invention inhibit biofilm formation. Thus, 
5 administration of a proteinaceous or non-proteinaceous metal chelator would allow the 
host immune system to effectively combat bacterial infections that would otherwise 
develop into infections of biofilms. 

In certain aspects the biofihn development occurs in the regions of the airway, 
lungs, eye (e.g., the comea), ear (e.g., middle ear), mouth {e.g., gums and jawbone), 
10 heart, prostate, kidneys or bones. In particular aspects of this embodiment of the 

invention, the proteinaceous metal chelator can be specific for iron, e.g., lactoferriu or 
conalbumin. In certain embodiments, the proteinaceous metal chelator can be a 
naturally occurring polypeptide, or firagment thereof. In other embodiments of the 
invention, the proteinaceous metal chelator can be an engineered polypeptide with the 
15 abihty to chelate metal. In particular embodiments of the invention, the bacterium in 
which surface motility is being stimulated is Psuedomonas aeruginosa. 

In another aspect, the invention provides a method of treating a subject suffering 
fi:om a bacterial infection by administering a therapeutically effective amount of a metal 
chelator, e.g., a proteinaceous or non-proteinaceous metal chelator. la one embodiment, 
20 a subject shown to have a bacterial infection by any of a number of other tests, can be 
administered a metal chelator such that the bacterial infection does not progress to a 
bacterial biofilm infection. Administration of a metal chelator inhibits the ability of the 
bacteria to form a biofilm, thus rendering the bacteria susceptible to the immune system 
of the subject, and/or to antibacterial agents, e.g., antibiotics. 
25 In a related aspect, the metal chelator can be administered in combination with 

an antibacterial agent. Antibacterial agents include antibiotics, biocides, antimicrobials, 
and bacteriostatic agents. In one particular embodiment, the proteinaceous metal 
chelator is administered in combmation with an antibiotic. Examples of antibiotics that 
can be used in combination with a proteinaceous metal chelator include, but are not 
30 limited to the following: tobramycin, tazobactam, ciprofloxin, semi-synthetic penicillins, 
aminoglycosides, fluoroquinones cephlosoprins,and clindamycin,. 
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to one aspect, the invention provides a composition. e.g.. a pharmaceutical 
composition, used to inhftitbiofflmfcrmaUonthat inclndes atherapeuticaUy effcctrve 
amountof a metal chelator. e.g., aproteinaceous ornon-proteinaceonsmetal chelator, 
5 and apharmaceuticaUy acceptable carrier, ft. composition can fcrther include an 
antibiotic. Antibiotics intended for use in this invention include, but are not hnnted to: 
broad-spectrum fflrtibiotics (^«.. tetracyclmes); medium-spectnun antibioUcs (e.g., 
bacitracin, erythromycins, penicillin, cephalosporins and streptomycins); and narrow 
spectrum antibiotics (e.g.. antibiotics that are effectiv. against only a few species of 
,0 bacteria, for example, polymixins). to certata, articular «camples. tobramycm, 
tazobactanr, ciprofloxin, piperacellin semi-synthetic penicilta. amino glycosides, 
fluoroquinones. cephlosporins, or clindamycin are used in the conation. 

to certain embodiments the proteinaceous metal chelator can be anatnraUy 
occurring polypeptide, or ftagment thereot to oflrer embodiments of the invention the 
,5 proteinaceous metal chelator can be «. engineered polypeptide with the abiUty to chelate 
metal, to particular embodiments of to invention the bacteria is P^damcnas 
aeruginosa. 

Biofilms frequently occur on devices that are implanted in a patient for 
therapeuticpurposes-Suchmedical indwelling devices include, but arenotlh^^^ 

20 contact lenses, catheters, central venous catheters and needleless connectors, 
endotracheal tubes, orthopedic devices, intrauterme devices, mechanicalheart 

artificial hearts, pacemakers, peritoneal dialysis catheters, prosthetic devices, 
tympanostomy tubes, urinary catheters, and voice prostheses, vascular stents, urmary 
stents and implants. 

25 Thus, in another embodiment, the invention provides a method of inhibitmg 

biofihn devdopment on a medical indwelling device. Hie method comprises 
administeringto an individual withamedicalmdwelling device an effectiv 

metal chelator, e.g. , a proteinaceous or non-proteinaceous metal chelator. In specific 
embodiments, the medical indwelling devices are catheters, orthopedic devices. 
30 prosthetic devices, vascular stents, urinary stents, pacemakers and implants. 

In another embodiment, the invention provides a method for inhibiting biofihn 
formation, and bacterial growth on food. The method comprises contacting the food 
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with an effective amount of a metal chelator, e.g., a proteinaceous or non-proteinaceous 
metal chelator. The metal chelator may be one component of a composition that further 
includes an antibacterial agent. In one specific embodiment, the food is a meat. 

In another aspect, tiie invention provides a composition that acts as a microbial 
disinfectant In one embodiment, the microbial disinfectant contains an effective 
amount of a metal chelator, e.g., a proteinaceous or non-proteinaceous metal chelator. 
In related embodiments, the disinfectant contains abiocide or antibiotic. One example 
of an appUcation for a microbial disinfectant in accordance with the invention is for use 
in a hospital or medical setting to disinfect surfaces that sterile instruments come in 
contact with during routine use. 

In another aspect, the invention provides a pharmaceutical composition that 
contains an effective amount of a metal chelator, a proteinaceous or non- 
proteinaceous metal chelator, and apharmaceutically acceptable carrier. Examples of 
pharmaceutically acceptable carriers include sugars, cellulose, and its derivatives, talc, 
excipients, oils, glycols, esters, buffering agents, ethyl alcohol, phosphate buffer 
solutions; and other non-toxic compatible substances employed in pharmaceutical 
formulations. In related embodiments, tiie pharmaceutical composition may contain an 
antibacterial agent. In a specific embodiment, the antibacterial agent is an antibiotic. 

In specific embodiments, the concentration of the proteinaceous metal chelator, 
e.g., lactoferrin, used in the methods or compositions described herein is between about 
5 and about 100 |j,g/ml. Preferably the concentration of lactoferrin is between about 15 
and about 40 |j.g/ml. More preferably the concentration of lactoferrin is between about 
20 and about 30 |xg/ml. In a specific embodiment of the invention, the concentration of 
lactoferrin is about 20 jxg/ml. 

In another aspect of the invention, the metal chelator, e.g., a proteinaceous or 
non-proteinaceous metal chelator, is part of a kit that includes instructions for use. The 
kit may be used for the treatment of a subject with a bacterial infection, for prevention of 
biofihn development on a medically implanted device, or to inhibit biofilm development 
in an industrial or medical setting. The kit may contain an antimicrobial agent, e.g., an 
antibiotic. 
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Hie metiiods of the invention disclosed herein may further comprise the step of 
obtaining Hie metal chelator. e.g., aproteinaceous or non-proteinaceous metal chelator. 

Exemplification 

The invention is furiher illustrated by the foUowig examples which should not 
be construed as limiting. 

Materials and Methods 

The following methods apply to the Examples described below. 

Bacterial Strains, Plasmids, and Growth Conditions 

P. aeruginosasix^^hOl containing the GFP plasmid pMRP9-l was used for 
most studies. Where indicated, an isogenic surface motility mutant (a PAOl pilHDK 
deletion mutant from J. Kato (Department of Femientation Technology, Hiroshima 
University, Hiroshima, Japan.) containingpMRP9-l was used. Biofihnmedium 
consisted of 1% Trypticase Soy Brolh (Difco, Detroit, MI). In the growth experiments, 
approximately lO' bacteria from an overnight culture were added to 5 ml of biofihn 
medimn containing the indicated concentrations of lactoferrin (Sigma Chemical Co.. St 
Louis, MO). Cultures were incubated in acid-washed tubes at ZVC with shaking. 
Coloiiy-forming units were determined by plate counting. The concentration of 
lactoferrin that inhibited bacterial growth varied somewhat for different lots of 
lactofemn but was never less than 30 ^g/ml. P. aeruginosa was also 

grown in lactoferrin-containing effluent medium from flow cells. After one day of 
bacterial growflx, effluent was collected on ice, fflter steriUzed, and growth was assessed 
25 as above. 



20 



30 



Biofilm Experiments 

For studies of biofihn formation, wild-type P. aeruginosa PAOl and the surface 
motility mutant were grown in flow cells similar to those described previously; the size 
of the flow chamiel was 5 x 35 x 1 mm. An overnight culture diluted to 10^ cells per ml 
in fresh biofihn medium was used as the inoculum and flow was arrested for 45 min. 
Flow of biofihn medimn with and without 20 ^g/ml of Fe-unsaturated or Fe-saturated 
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lactoferrin or conalbuinin (Sigma Chemical Co.) was then initiated at a rate of 170 
liVrma, Images were obtained using a Biorad (Hercules, CA) scanning confocal 
microscope. 

Bacterial movement was assessed by using time-lapse images acquired at 1 min 
intervals. Motion of bacterial cells was traced visually by following individual cells. 
VOXblast software (VayTek, Inc, Fairfield, lA) was used to obtain the X-Y coordinates 
of bacterial cells. 

Bacterial behaviors were classified as follows. Squatters remained within a 15 
\xm circle drawn around the point of parental cell division xmtil the time of its cell 
division. Ramblers remained attached to the growth surface, but moved outside the 
circle. Flyers detached and were carried away by media flow. Dividing times of 
attached bacteria wore measured by counting the number of firames between cell 
divisions; 60 bacterial divisions were observed and the dividing times were averaged. 

P, aeruginosa biofihns for susceptibility tests were grown in a rotating disk 
reactor. Fe-imsaturated conalbumin (Sigma Chemical Co.) was added to standard 
biofilm medium at indicated concentrations for the duration of biofihn growth. Discs 
and attached bacteria were then washed 3 times in distilled water, and treated for 4 h in 1 
ml of H2O2 OPisher Scientific) or tobramycin (Eli Lilly, Indianapolis, IN) at indicated 
concentrations. The treated discs were washed 3 times, and bacteria were removed and 
dispersed in 2 ml sterile PBS by homogenization (Brinkman Homogenizer, model 
10/35). Viable cell numbers were enimierated by plate counting. 

Surface motility Assays 

Plates for surface motility assays consisted of biofilm medium plus 1% Noble 
agar (Difco, Detroit, MI). Indicated concentrations of deferoxamine and FeCls (Sigma 
Chemical Co.) were added to molten agar. Plates were dried overnight at room 
temperature, and P, aeruginosa with pMRP9-l was point inoculated at the bottom of the 
Petri plate. After 3 days, the surface distance along the plastic-agar interface (at the 
bottom of the agar plate) was measured. 
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Example 1: Effect of Lactoferrin on Biofilm Formation 

At high concentrations, lactoferrin is known to limit bacterial growth by 
sequestering iron. In tiiis regard, lactoferrin acts like other nutrient-depriving host 
defense molecules, such as transcobalamins (which bind vitamin B12). ^.id calprotectm 
(which binds zinc). Lactoferrin can also be bactericidal by binding lipopolysaccharide 
and disrupting bacterial membranes, and it can enhance killing by other antibiotics. 

To determine whether lactoferrin has anti-biofihn activity that is distinct from 
these known properties, the effect of a sub-inhibitory concentration of lactoferrin (20 
Jig/ml) on biofihn development was examined. This concentration of lactoferrm did not 
affect the growth rate of free swimmingP. aeruginosa PAOl (Fig. 1). 

To evaluate the effect oflactoferrin on biofihn formation,?, aeruginosa 
expressing green fluorescent protein (GFP) was grown in continuous culture flow cells 
and followed biofihn development over time. Flow cell chambers were continuously 
perfiised with biofihn medium with or without lactoferrin. hi medium without 
lactoferrin (Fig. 2a-d), the typical stages of biofihn development were observed. 
Initially, bacteria attached to the surface (Fig. 2a). Microcolonies were evident after 24 
h (Fig. 2b). After 3 days, the microcolonies had enlarged (Fig. 2c). By day 7, towering 
pillar and mushroom shaped biofihns had developed (Fig. 2d). Lactofemn disrupted 
this pattern of development (Fig. 2e-h). Attached bacteria (Fig. 2e)multipUed, but they 
foiled to form microcolonies (Fig. 2f). Even after a prolonged incubation, the bacteria 
did not assemble into differentiated biofilm structures; in the presence of lactoferrin fliey 
remained in a thin layer (Fig. 2g and h). hi contrast, exposmg mature, 5 day-old 
biofihns to lactoferrin-containing medium for 48 h failed to alter their stmcture. Hius, 
once they had developed, biofihns were resistant to lactoferrin. Because lactoferrin 
; prevented biofihn development, additional studies to confirm that the low concentration 
of lactoferrin did not prevent bacterial growth were performed. To show that 
lactoferrin-containing medium m flow cells could support growth of P. aeruginosa 
bacteria in the effluent from a biofihn chamber were cultured. P. aeruginosa doubled 6 
times in 22 h in this conditioned medium, verifying that even spent lactoferrin-treated 
0 medium did not hmit growth. Second, the dividing times of attached bacteria in flow 
cells using time-lapse video microscopy were measured. Lactoferrin increased the 
dividing time of attached cells by 27% (93 min without lactoferrin vs. 127 min with 20 
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|ig/ml lactoferrin). Whereas this reduced growth rate could decrease the size of 
microcolonies and biofihns, it could not account for the complete absence of biofilm 
structure induced by lactoferrin. 

Example 2: Effect of Lactoferrin on Bacterial Motion 

Although the time-lapse microscopy showed only small differences in dividing 
times, it revealed that lactoferrin strikingly altered bacterial movement. These 
differences are represented in Figs. 3a and b, which trace the movement of 
representative bacteria over the surface of a flow cell. In the absence of lactoferrin (Fig. 
3a), the parent bacterium moved across the i&eld of view. When the parent cell divided, 
the two daughter cells remained near the point of parent cell division. When a daughter 
cell divided, its progeny also remained near the point of the original cell division. Thus, 
a microcolony began to form, hi the presence of lactoferrin (Fig. 3b), flie parental cell 
also moved across the field of view, and divided into two daughter cells. With 
lactoferrin, however, the daughter cells moved away from the point of cell division. 
When one of the daughter cells divided, its progeny also left the site of cell division. 

To analyze the changes more quantitatively, three behaviors were defined and 
the actions of 40 parental cells and their offspring over three generations were classified. 
Bacteria that remained stationary firom the time they were created by cell division to the 
time they themselves divided were called squatters. Bacteria that moved away from the. 
division site were called ramblers, and cells that detached from the surface and were 
swept away by the flow of medium were called flyers. Figures 3c and d show the 
relative proportion of bacteria engaged in these different behaviors. In the absence of 
lactoferrin, the majority of cells were squatters, fewer cells were flyers, and rambling 
cells were rare. In the presence of lactoferrin, a significantly larger proportion of cells 
exhibited rambling behavior and fewer were squatters. In botii cases, the prevailing 
behavior (squatting without lactoferrin, and rambling with lactoferrin) became more 
prevalent in subsequent bacterial generations. 
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Example 3: Effect of Lactoferrin on Biofilm Formation 

The mechanism of lactoferrin' s action on biofihn development was investigated. 
To examine the role of iron, the activity of iron-saturated lactoferrin to iron-nnsaturated 
lactoferrin was compared (Fig. 4a-c). Unlike iron-unsaturatedlactofen^^ 
lactoferrin did not prevent P. aeruginosa biofihn formation. Conalbumin. a lactoferrm- 
like chicken egg host defense protein functioned similarly, m that it prevented biofihn 
formation in the iron-unsaturated state, but not when iron-saturated. These results 
suggest that lactoferrin blocks P. aeruginosa biofihn formation by sequestering firee 



iron. 



10 



15 



It was hypothesized that the mcreased surface motiUty induced by iron chelation 

was due to twitching, a specialized fomi of surface locomotion mediated by type 4 piU. 

To test this, we performed surface motihty assays in which P. aeruginosa was 
inoculated atapoint on the bottomofagarplates, and the rate at which bacteria spread 

over the agar-plastic interface was measured. Because it is more stable lhan lactofemn. 
liie iron chelator deferoxamine was used to prepare the agar plates. Deferoxamine 
stimulated surface motility m a dose-dependent mamier and this response was blocked 
by adding iron (Fig. 4d). THus, as free iron levels decreased, surface motiUty increased. 

Example 4: Biofilm Formation and Stimulation of Surface motiUty 

0 To further test whether lactoferrin prevented biofihn development by stimulating 

surfecemotility,its effect onaP. aeruginosa surface mutant was examined. Itwas 
hypothesized that the mutant would form biofihns in the presence of lactoferrin. Figures 
4e. f show that the mutant formed microcolonies and irregularly shaped biofihns in both 
the absence andpresence of lactoferrin. This stands m contrast to the surface wild-type 
15 strain, where differentiated biofihn formation was completely blocked by lactoferrin 
(Fig.4a,c). Takentogethertheseresultsmdicatethatlactofemnpreventsbiofihn 
formation by stimulating bacterial surface motiUty. Furthemiore, the concentration of 
lactoferrin that had this effect did not Hmit tiie growth of free-swimmmg bacteria and 
only shghtiy reduced the growth of attached cells. Once bacteria were Uving m an 
30 established biofihn, they lost sensitivity to lactoferrin. 
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Example 5: Biofilm Formation in the Presence of Lactoferrin and the Effects of 
Antimicrobials 

Biofilm bacteria are extraordinarily resistant to killing by antimicrobials. It was 
hypothesized that the surface attached bacterial layers that formed in the presence of 

5 lactoferrin would be less resistant than differentiated biofihns that formed in the absence 
of lactoferrin. To test this, bacteria were grown in a biofilm reactor on small removable 
discs. This allowed the antimicrobial susceptibility of the bacterial community to be 
tested with its multicellular structure intact. Bacteria were grown with or without 
conalbumin. Conalbumin was used in these studies because the cost of lactoferrin was 

10 prohibitive for the large volume of medium required, and as described above, lactoferrin 
and conalbumin affected biofibn formation similarly. After 48 h, the discs were 
removed from the reactor (and from the conalbumin), and two agents were tested: H2O2, 
which neutrophils utilize in the oxidative killing of bacteria; and tobramycin, an 
antibiotic used clinically to treat P. aeruginosa infections. Control biofihns were 

15 resistant to both agents; 1000 |ig/ml tobramycin and 500 mM H2O2 had minimal effects 
on viability after 4 h of treatment (Fig. 5). In contrast, growth in conalbumin decreased 
resistance to both agents in a dose-dependent manner. Thus, in addition to inhibiting 
structural differentiation, iron chelation limited the development of an important 
functional consequence of biofilm formation — antimicrobial resistance. 

20 

Conclusion from the Examples 

For the host, the development of a biofihn infection on a normally sterile 
mucosal surface can have disastrous consequences. For example, biofihns form in the 
airways of cystic fibrosis patients and on other compromised mucosal surfaces. 

25 The data from the examples above suggest that lactoferrin has a previously 

imrecognized role in host defense. In addition to its well-known bactericidal and 
bacteriostatic actions, it blocks the formation of P. aeruginosa biofihns at a low 
concentration, keeping the bacteria more vuhierable to killing. This fimction may serve 
as a fail-safe mechanism to prevent bacteria that survive initial defenses from assuming 

30 the intractable biofihn state. Secondary immune responses may then be better able to 
combat the infecting organisms. 
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From the bacterial point of view, biofilms are a growth mode specialized for 
long-terai colonization of surfaces. The data indicate that a higher level of iron is 
required for biofilm formation than is needed for growth. If the iron level is acceptable, 
P. aeruginosa is cued to stop moving, form microcolonies, and eventually develop into 
biofilms. If iron levels are not sufficient, the P. aeruginosa ceUs keep moving. This 
response may ensure survival of the bacteria by preventing the construction of complex, 
durable biofihn structures in locations where iron, a critical nutrient, is in short supply. 



• Incorporation By Reference 

All pubHcations, patent appHcations, patents, and other references mentioned 
herein are incorporated by reference. In addition, the materials, methods, and examples 
are illustrative only and not intaaded to be limiting. 



Equivalents 

Those skilled in the art will recognize, or be able to ascertain using no more thai 
routine experimentation, many equivalents to the specific embodiments and methods 
described herein. Such equivalents are intended to be encompassed by the scope of the 
following claims. 
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What is claimed is: 

1 . A method of inhibiting biofihn formation by bacteria comprising contacting said 
bacteria with an effective amount of a metal chelator, to thereby inhibit biofilm 
formation by said bacteria. 

2. The method of claim 1 , wherein said metal chelator is a proteinaceous metal 
chelator. 

3. The method of claim 1, wherein said metal chelator is a non-proteinaceous metal 
chelator. 

4. The method of claim 1 , wherein the proteinaceous metal chelator is an iron 
chelator. 

5.. The method of claim 4, wherein the iron chelator is a naturally occurring 
polypeptide or jfragment thereof. 

6. The method of claim 4, wherein the iron chelator is an engineered polypeptide. 

7. The method of claim 4, wherein the iron chelator is lactoferrin. 

8. The method of claim 4, wherein the iron chelator is conalbumin. 

9. The method of claim 1 , wherem the bactma are from the genus Pseudomonas. 

10. The method of claim 9, wherein the pseudomonas is from the species aeruginosa. 

11. A method of stimulating surface motility in bacteria comprising contacting said 
bacteria with a metal chelator. 
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12. The method of claim 1 1 wherein said metal chelator is a proteinaceous metal 
chelator. 

13. The method of claim 1 1 wherein said metal chelator is a non-proteinaceous metal 
chelator. 

5 

14. The method of claim 1 1 , wherein bioavailahle iron is limited by said 
proteinaceous metal chelator, thereby stimulating surface motility in said 
bacteria. 

10 15. The method of claim 12, wherein the proteinaceous metal chelator is an iron 
chelator. 

16. The method of claim 15, wherein the iron chelator is a naturally occurring 
polypeptide or fragment thereof. 

15 

17. The method of claim 15, wherem the iron chelator is an engineered polypeptide. 

18. The method of claim 15, wherein the iron chelator is lactoferrin. 
20 19. The method of claim 15, wherein the iron chelator is conalbumin. 

20. The method of claim ll.whereinthebacteria are from the genus Pseudomonas. 

21 . The method of claim 20, wherein the pseudomonas is from the species 
25 aeraginosa. 

22. A method of inhibiting biofihn development by bacteria in a subject comprising 
administering to said subject an effective amount of a metal chelator, thereby 
inhibiting biofihn development by said bacteria in said subject. 

30 

23. The method of claim 22, wherein said metal chelator is a proteinaceous metal 
chelator. 
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24; The method of claim 22, wherein said metal chelator is a non-proteinaceous 
metal chelator. 

5 25. The method of claim 22, wherein the biofilm development is in a region selected 
from the group of the airway, cornea, middle ear, heart, prostate, kidney, and 
bone. 

26. The method of claim 22, wherein the proteinaceous metal chelator is an iron 
10 chelator. 

27. The method of claim 26, wherein the iron chelator is a naturally occurring 
polypeptide or fragment thereof. 

15 28. The method of claim 26, wherein the iron chelator is an engineered polypeptide. 

29. The method of claim 26, wherein the iron chelator is lactoferrin. 

30. The method of claim 26, wherein the iron chelator is conalbimodn. 

20 

3 1 . The method of claim 26, wherein the bacteria are from the genus Pseudomonas, 

32. The method of claim 3 1 , wherein the pseudomonas is from the species 
aemginosa. 

25 

33. A method of treating a subject sujffering from a bacterial infection comprising 
administering to said subject a composition comprising a therapeutically 
effective amount of a metal chelator, thereby treating the subject suffering from a 
bacterial infectioiL 

30 

34. The method of claim 33, wherein said metal chelator is a proteinaceous metal 
chelator. 
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35. The method of claim 33, wherein said metal chelator is anon-proteinaceous 
metal chelator. 

5 36. Themethodofclaim33,whereinsaidcompositionfurthercompiisesaneffective 
amount of an antibacterial agent 

37. The method of claim 33. wherein said antibacterial agent is an antibiotic. 

10 38. The method of claun 33, wherein the proteinaceous metal chelator is an iron 
chelator. 

39. The method of claim 38, wherein the proteinaceous iron chelator is a naturally 
occurring polypeptide or fr.agment thereof. 

15 

40. The method of claim 38, wherein the iron chelator is an engineered polypeptide. 

41. The method of claim 38, wherein the iron chelator is lactoferrm. 
20 42. The method of claim 38, wherein the iron chelator is conalbumin. 

43. The method of claim 33. wherein the bacteria are from the genus Pseudomonas. 

44. The method of claim 43, wherein the pseudomonas is from the species 
25 aeruginosa. 

45. The method of claim 37, wherein the antibiotic is tobramycin, tazobactam, 
ciprofloxin,piperacilhn, semi-synthetic penicillins, amino glycosides, 
fluoroquinones, cephlosporins, or clindamycins. . 

30 

46. Hie composition of claim 43, wherein the antibiotic is selected from the group 
consisting of tobramycin, tazobactam, ciprofloxin, piperacillin and clindamycin. 
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47. A method of inhibiting biofibn development on a medical indwelling device in a 
subject comprisuig administering to said subject an effective amount of a metal 
chelator, thereby inhibiting biofilm development on said medical indwelling 
device. 

48. The method of claim 47, wherein said metal chelator is a proteinaceous metal 
chelator. 

49. The method of claim 47, wherein said metal chelator is a non-proteinaceous 
metal chelator. 

50. The method of claim 47, wherein said device is selected from tihie group 
consisting of catheters, orthopedic devices, prosthetic devices, vascular stents, 
urinary stents, pacemakers, and implants. 

51. A microbial disinfectant composition comprising an effective amount of a metal 
chelator. 

52. The microbial dismfectant of claim 51, wherein in the metal chelator is a 
proteinaceous metal chelator. 

53 . The microbial dismfectant of claim 5 1 , wherein in the metal chelator is a non- 
proteinaceous metal chelator. 

54. The disinfectant of claim 5 1 , further comprising a biocide. 

55. The disinfectant of claim 51, further comprising an antibiotic. 

56. A pharmaceutical composition comprising a flierapeutically effective amount of 
a metal chelator and a pharmaceuticaUy acceptable carrier. 
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57. The pharmaceutical composition of claim 56, wherein in the metal chelator is a 
proteinaceous metal chelator. 

58. The pharmaceutical composition of claim 56, wherein in the metal chelator is a 
5 non-proteinaceous metal chelator. 

59. The pharmaceutical composition of claim 56, ftirther comprising an antibacterial 
agent. 

10 60. The pharmaceutical composition of claim 59, wherein said antibacterial agent is 
an antibiotic. 

61. Themethodof any one of claims?, 18, 29, or 41, wherem the concentration of 
lactoferrin is between 5 and 50 jxg/ml. 

15 

62. Themethodof any oneofclaims?, 18, 29, or 41, wherein the concentration of 
lactoferrin is between 15 and 40 ng/ml. 

63. Themethodof any one of claims 7, 18, 29, or 41, wherein the concentration of 
20 lactoferrin is between 20 and 30 ng/ml. 

64. The method of any one of claims 7, 18, 29, or 41, wherein the concentration of 
lactoferrin is 20 ng/ml. 

25 65. Amethod of inhibiting biofihn formation on apiece of equipment by bacteria 

comprising contacting said bacteria with an effective amount of a metal chelator, 
to thereby inhibit biofihn formation by said bacteria. 

66. The method of claim 65, wherem said metal chelator is a proteinaceous metal 
30 chelator. 
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67. The method of claim 65, wherein said metal chelator is a non-proteiQaceous 
metal chelator. 

68. The method of 65, wherein the equipment is used for a medical, industrial or 
5 commercial application. 

69. A method of inhibiting bioiSbn formation on a device comprising, 
contacting said device with a compound comprising an effective amount of a 

metal chelator, 

10 thereby inhibiting the formation of biojfilm on said device. 

70. The method of claim 69, wherein said metal chelator is a proteinaceous metal 
chelator. 



15 71 . The method of claim 69, wherein said metal chelator is a non-proteinaceous 
metal chelator. 

72. The method of claim 69, wherein contacting comprises bathing said device in a 
solution comprising an effective amount of a proteinaceous metal chelator. 

20 

73. The method of claim 69, wherein contacting comprises coating said device in a 
solution comprising an effective amount of a proteinaceous metal chelator. 

74. The method of anyone of claims 1, ll,22,33,47,or 68, wherein the bacteria are 
25 contacted with said metal chelator prior to a point at which the bacteria stop 

roaming as individuals. 

75. The method of claim 74, wherem said metal chelator is a proteinaceous metal 
chelator. 

30 

76. The method of claim 74, wherein said metal chelator is a non-proteinaceous 
metal chelator. 
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77. A kit for treating a bacterial infection comprising a metal chelator and directions 
for use. 

5 78. The kitof claim 77, whereinsaidmetalchelatorisaproteinaceousmetal 
chelator. 

79 The kit of claim 77, wherein said metal chelator is a non-proteinaceous metal 
chelator. 

10 

80. The kit of claim 77, further comprising an antimicrobial agent. 

81. The kit of claim 80, wherein the antimicrobial agent is an antibiotic. 

15 82. A method of inhibiting biofihn formation by bacteria comprising 
obtaining a metal chelator, and 

contactmg said bacteria with an effective amount of a metal chelator 
to thereby inhibit biofihn formation by said bacteria. 



20 



83. The method of claim 82, wherein said metal chelator is a protemaceous metal 
chelator. 

84. The method of claim 82, wherein said metal chelator is a non-proteinaceous 
metal chelator. 

25 

85 . A method of stimulating surface motility in bacteria comprising 
obtaining a metal chelator and 

contacting said bacteria with the metal chelator 
thereby stimulating surface motiUty in bacteria. 

30 

86. The method of claim 85, wherem said metal chelator is a proteinaceous metal 
chelator. 
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87. The method of claim 85 wherein said metal, chelator is a non-proteinaceous metal 
chelator. 

5 88. A method of inhibiting biofilm development by bacteria in a subject comprising 
obtaining a metal chelator; and 

administering to said subject an effective amoxmt of said metal chelator 
' thereby inhibiting biofihn development by said bacteria in said subject. 

10 89. The method of claim 88, wherein said metal chelator is a proteinaceous metal 
chelator. 

90. The method of claim 88, wherein said metal chelator is a non-protemaceous 
metal chelator. 

15 

91 . A method of treating a subject suffering from a bacterial infection comprismg 
obtaining a metal chelator; and 

administering to said subject a composition comprising an effective amount of 
said metal chelator 

20 thereby treating the subject suffering from a bacterial infection. 

92. The method of claim 91 , wherein said metal chelator is a proteinaceous metal 
chelator. 

25 93. The method of claim 91 wherein said metal chelator is a non-proteinaceous metal 
chelator. 

94. A method of inhibiting biofilm development on a medical indwelling device in a 
subject comprising 
30 obtaining a metal chelator; and 

administering to said subject an effective amount of said metal chelator 
thereby inhibiting biofilm development on said medical indwelling device. 
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95. The method of claim 94, wherein said metal chelator is a proteinaceous metal 
chelator. 

5 96. The method of claim 94, wherein said metal chelator is a non-proteinaceous 
metal chelator. 

97. A method of inhibiting biofihn formation on food comprising, 

10 contacting said food with a compound comprising an effective amount of a metal 

chelator 

thereby inhibiting the formation of biofihn on said food. 

98. The method of claim 97, wherein said food is further contacted with an 
15 antibiotic. 

99. The method of claim 98, wherein said food is meat. 

100. The method of claim 3, wherein the non-proteinaceous metal chelator is a small 
20 molecule metal chelator excluding EDTA, EGTA, deferoxamine, detheylenetriamine- 

penta acetic acid and etidronate. 

101 . The method of claim 3, wherein the non-proteinaceous metal chelator is 
ethylenediamine-N,N,N',TSr-tetraacetic acid (EDTA); the disodium, trisodium, 

25 tetrasodium, dipotassium, tripotassiun, dilithium and diammonium salts of EDTA; the 
barium, calcium, cobalt, copper, dysprosium, europium, iron, indium, lanthanum, 
magnesium, manganese, nickel, samarium, strontium, and zinc chelates of EDTA; trans- 
l,2-diaminocyclohexane-N,N,N',N*-tetraaceticacid monohydrate; N,N-bis(2- 
hydroxyethyl)glycine; l,3-diamino-2-hydioxypropane-N,N,N',N'-tetraacetic acid; 1,3- 

30 diaminopropane-N,N,N',N'-tetraacetic acid; ethylenediamine-N,lSr-diacetic acid; 
ethylenediamine-N,N'-dipropionic acid dihydrochloride; ethylenediamine-N J^- 
bis(methylenephosphomc acid)hemihydrate; N-(2-hydroxyethyl)ethylenediamine- 
N,N',N'-triacetic acid; ethylenediamine-N,N,N',N'-tetralds(metiiylenephosponic acid); 
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0,0''-bis(2-aminoethyl)ethyleneglycol-N,N,N^N'-tetraaceticacid;N,N-bis(^^ 
hydroxybeiizyl)ethylene diamine-N,N-diacetic acid; 1,6-hexamethylenediamine- 
N,N,N',N'-tetraacetic acid; N-(2-hydroxyethyl)iimnodiacetic acid; iminodiacetic acid; 
l^-diaminopropane-N,N,N',N'-tetraacetic acid; nitrilotriacetic acid; nitrilotripropionic 
5 acid; the trisodiiun salt of mtrilotris(methylenephosphoric acid); 7,1 9,30-trioxa- 

l,4,10.13,16,22,27,33-octaazabicyclo[ll,l 1,1 l]pentatriacontane hexahydrobromide; or, 
triethylenetetraminie-N,NJS^,N"J^^'••,N•"-hexaaceticacid. 
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